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METHODS FOR AUTO-SEPARATION OF
TEXTS AND GRAPHICS

FIELD OF THE INVENTION

The mvention relates generally to a method of image
discrimination and, more specifically, to a method of 1den-

tifying a pixel line segment as one of text or graphics.

BACKGROUND OF THE INVENTION

Multi-functional peripherals (MFEFPs) are used to produce
digital color copies and to print color documents. MFPs
typically generate copies of a document at a slower rate than
the rate for printing an original document, because the MFP
does not know which portions of the document contain black
(e.g., text) and which portions include color (e.g., graphics
and photos). Generally, MFPs use multiple color ink car-
tridges that provide several ink colors (e.g., cyan, magenta,
yellow and black). A typical MFEP color copying process
begins by scanming the document to be copied. With refer-
ence to FIG. 1A, the typical document 10 contains red-
green-blue (RGB) color images 14 and text 18. The repro-
duction process includes the step of converting RGB pixel
values to cyan-magenta-yellow-black (CMYK) values. The
printed copy 104 1s the result of four print scans correspond-
ing to the four ink colors. The document 10a resulting from
a first print scan includes cyan graphics 14a and cyan text
18a. The next scan deposits magenta ink as depicted 1n
document 10b. Thus graphics 1456 and text 186 include
magenta ink and cyan ink. The next scan deposits yellow 1ink
as depicted i document 10c. Graphics 14¢ and text 18c
include vyellow, magenta and cyan ink. The fourth scan
generates the finished copy 104 of the original document 10
and deposits black ink as depicted in document 10d4. The
copy document 104 includes cyan, magenta, yellow and

black ink.

Typically, the text 18 1s pure black and only the graphics
14 contain color. As a result, the time needed to copy the
document 10 can be reduced i1f the MFP can discriminate
between text pixels and color pixels. Also, the amount of
color ink used would be reduced because the color 1nk would
only be used for printing graphics 14. What 1s needed 1s an
ellicient and accurate method of discriminating between text
pixels and graphics pixels.

SUMMARY OF THE INVENTION

The present invention 1s directed to a method of discrimi-
nating between textual content and graphical content 1n an
image. The method calculates the smoothness index of a
pixel line segment and determines if the pixel line segment
1s text or graphics. The determination can be used to reduce
the printing time and the quantity of ink used to print a
document.

In one aspect, the present invention relates to a method for
discriminating between textual content and graphical con-
tent in an 1mage. The method includes the steps of receiving,
a plurality of pixel values for a pixel line segment, calcu-
lating a plurality of spatial gradients based on pixel values
of adjacent pixels, determiming a smoothness index by
processing the plurality of spatial gradients, and identifying,
the pixel line segment as one of a text segment or a graphic
segment by comparing the smoothness index to a threshold
value.

In one embodiment, the step of calculating a plurality of
spatial gradients includes the step of subtracting an adjacent
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pixel value from a current pixel value for each of the
plurality of pixel values. In another embodiment, the step of
determining the smoothness index includes the steps of
calculating a first statistical characteristic of the plurality of
spatial gradients, calculating a second statistical character-
istic of the plurality of spatial gradients, and dividing the
second statistical characteristic by the first statistical char-
acteristic to generate the smoothness index. In a further
embodiment, the first statistical characteristic calculation
includes squaring each of the spatial gradients to generate a
plurality of squared gradients, and generating the {first sta-
tistical characteristic by summing the squared gradients. In
another further embodiment, the second statistical calcula-
tion includes generating a plurality of absolute gradients by
determining an absolute value of each of the spatial gradi-
ents, determining a sum value by summing the absolute
gradients, and generating the second statistical characteristic
by squaring the sum value.

In another aspect, the imvention relates to a method of
discriminating between textual content and graphical con-
tent 1n an 1mage. The method includes the steps of receiving
a first plurality of pixel values for a pixel line segment and
a second plurality of pixel values for the pixel line segment,
calculating a plurality of spatial gradients for the pixel line
segment based on the first plurality of pixel values, and
determining a smoothness index by processing the plurality
of spatial gradients. Additionally, the method 1ncludes the
steps of calculating a value by combining the second plu-
rality of pixel values, and 1dentifying the pixel line segment

as one of a text segment or a graphic segment by comparing
the smoothness index to a first threshold value and the

calculated value of the second plurality of pixel values to a
second threshold value.

In one embodiment, the step of calculating a value by
combining the second plurality of pixel values includes the
step of calculating the maximum of the second plurality of
pixel values. In another embodiment, the method includes
the steps of receiving a third plurality of pixel values for the
pixel line segment and calculating a value by combining the
third plurality of pixel values. Additionally, the step of
identifying the pixel line segment as one of a text segment
or a graphic segment includes comparing the calculated
value of the third plurality of pixel values to a third threshold
value. In a further embodiment, the step of calculating a
value by combining the third plurality of pixel values
includes the step of calculating the maximum of the third
plurality of pixel values.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention 1s pointed out with particularity in the
appended claims. The advantages of the invention may be
better understood by referring to the following description
taken 1n conjunction with the accompanying drawing in

which:

FIG. 1A 1s an 1llustration demonstrating the generation of
a copied document according to a prior art printing process;

FIG. 1B 1s an illustration demonstrating the generation of
a copied document according to a printing process 1n accor-
dance with the present invention;

FIG. 2 1s a functional block diagram depicting an embodi-
ment of a system incorporating the method of the present
invention;

FIG. 3 1s tlow chart depicting an embodiment of a method
for discriminating between textual content and graphical
content according to the present ivention;
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FIG. 4 1s a flow chart depicting an embodiment of a
smoothness 1index calculation used to discriminate between

textual content and graphical content 1n accordance with the
present ivention;

FIG. SA 1s a plot of luminance as a function of position
and a plot of the corresponding spatial gradients for a typical
graphics segment;

FIG. 5B 1s a plot of luminance as a function of position

and a plot of the corresponding spatial gradients for a typical
text segment; and

FIG. 6 1s a flow chart depicting the processes of averaging,
the smoothness indexes step of FIG. 3.

FIG. 7A 1s flow chart describing an embodiment of the
post processing step of FIG. 3.

FIG. 7B 1s flow chart describing an embodiment of the
post processing step of FIG. 3.

FIG. 7C 1s flow chart describing an embodiment of the
post processing step of FIG. 3.

FIG. 7D 1s flow chart describing an embodiment of the
post processing step of FIG. 3.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present invention 1s directed to methods of discrimi-
nating between text and graphics in a pixel line segment.
With reference to FIG. 1B, document 10 includes RGB
graphics pixels 14 and text pixels (typically black) 18. After
scanning document 10 the RGB values are converted to
CMYK values. Cyan 1nk 1s deposited (cyan graphics 14a),
then magenta ink 1s deposited (magenta graphics 1454), and
then yellow ink 1s deposited (yellow graphics 14¢). Finally,
black 1nk 1s deposited in graphics 144 and text 184. Docu-
ment 10/, which 1s a replica of document 10, includes black
text 18¢ and CMYK graphics 14d. The graphjcs 14a, 145,
14c, and 14d, are generated in a similar manner to that
described 1n FIG. 1A. However, the text 18¢ 1s only depos-
ited during the generation of document 104%.

With reference to FIG. 2, RGB to luminance-chromi-
nance-chrominance (LAB) converter 20 receives RGB pixel
values from an external source, such as a scanner. Fach RGB
pixel value 1s converted to a corresponding LAB value
according to a conversion matrix applied by LAB converter
20. The conversion 1s generally given by

ago aor aor |[ R L (1)
g 11 A2 G = /'51
apo Az axn || B| | B

Where doos do1s do2s dips A1 dyzs dogs days Ellld dyp dIC
transform coellicients defining the conversion.

After conversion to LAB space, the pixel values are
communicated to a background remover 30, which converts
approximately white pixel values into completely white
pixel values. An auto-separator 40 receives the processed
LLAB data and generates statistical characteristics, such as a
smoothness 1index, for each pixel line segment (i.e., a linear
group ol pixels) in the processed LAB 1mage. The auto-
separator 40 determines whether each pixel line segment 1s
to be processed as text or graphics, and communicates
corresponding data to either a text spatial filter 50 or an
image spatial filter 60. In a preferred embodiment, each
pixel line segment includes thirty-two pixels.
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The text spatial filter 50 sharpens segments of the scanned
pixel values that were classified as text pixels by the
auto-separator 40 using a weighted average to enhanced
contrast of pixels from the external pixel source. In one
embodiment, text spatial filter 50 includes a symmetric mask
for spatially filtering a 7x7 segment of pixels.

A text dithering module 70 receives the filtered pixel
values and further processes the pixels by converting data
having 8 bits per pixel into bitonal data (one bit per pixel).
In other words, text dithering module 70 ensures that pixels
that are intended to be black are represented by a “pure
black™ value. Similarly, pixel values intended to be white are
assigned a “pure white” value.

The mmage spatial filter 60 filters the pixels that were
classified as graphics by the auto-separator 40. In one
embodiment, 1image spatial filter 60 1ncludes a symmetric
mask for spatially filtering a 3x5 segment of pixels of
chrominance values and a 7x7 symmetric mask for filtering
the luminance values.

A LAB to CMYK conversion module 80 receives the
filtered 1mage pixels and converts the pixel values to the
corresponding CMYK values. The CMYK values are then
forwarded to an image dithering module 90. The CMYK
value are dithered similar to the text pixels described above.
A merger module 100 receives the pixel values from the
dithering modules 70, 90. The merger module 100 generates
merged pixel values for each pixel according to the pixel
values provided by the text dithering module 70 and the
image dithering module 90. In other words, the merger
module 90 constructs the final 1mage to be printed and
forwards the final pixel values to a printer.

FIG. 3 describes in more detail the function of the
auto-separator 40. In step 140, the auto-separator 40 recerves
a plurality of luminance values (i.e., L values) for a pixel line
segment. In this illustrative embodiment, the pixel line
segment 15 composed of thirty-two consecutive pixels (1.e.,
N=32). A raw smoothness index 1s calculated from the
luminance values in step 1435. In steps 146 and 147 the
minimum and the maximum of the luminance values are
calculated, respectively. In step 148, the average smoothness
index 1s calculated. In step 150, the auto-separator 40
receives a first plurality of chrominance values (e.g., A
values) for the pixel line segment. In step 160, the auto-
separator 40 receives a second plurality of chrominance
values (e.g., B values) for the pixel line segment. A statistical
characteristic of the A and B pixel values 1s determined 1n
step 165. In one embodiment, the statistical characteristic 1s
the maximum non-neutral color (NNC) of the pixel line
segment. In a further embodiment, the maximum non-
neutral color of the pixel line segment 1s determined by:

NNC=max[abs(A-128)+abs(B-128)] (2)
for each pixel line segment. The full scale range of the A and
B values 1s 0-256. Finally, 1n step 170, the average smooth-
ness index, the maximum luminance, the minimum lumi-
nance, and the statistical characteristic of the A and B values
are processed to classity the pixel line segment as text or
image.

A more detailed description of the raw smoothness index
calculation 1s now provided with reference to FIGS. 4 and 5.
FIG. 4 depicts steps used 1n calculating the raw smoothness
index (step 148). In step 180, a plurality of spatial gradients
are derived from the L pixel values. Plot 300 of FIG. 5
depicts an illustrative example of L pixel values 302a, 3025,
302¢, . . . (referred to generally as 302) as a function of
corresponding pixel position in a pixel line segment having
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graphical content. Plot 305 depicts the corresponding spatial
gradients 307a, 3075, 307c, . . . (referred to generally as 307)
derived from plot 300. In one embodiment, each spatial
gradient 307 1s determined by subtracting a subsequent pixel
value from the current pixel value. For example, the gradient

for the first pixel 1n the line segment 1s the L value at point
30206 minus the L wvalue at point 302aq. An illustrative
example 1s provided 1n FIG. 5B for a pixel line segment
having textual content. Plot 405 depicts the corresponding,
spatial gradients derived from plot 400. In an 1illustrative
embodiment, the first statistical characteristic (1,) of the
plurality of spatial gradients calculated 1n step 185 1s given
by:

N (3)
[y = Z (gradient i)
1

The second statistical characteristic (1,) of the plurality of
spatial gradients 1s calculated in step 190. In the 1llustrative

embodiment, the second statistical characteristic (1,) 1s cal-
culated to be the square of the sum of the absolute values of
the spatial gradients. The second statistical characteristic (1,)
1s given 1n equation form by:

(4)

N 2
[ = [Z ‘(gmd.ienr f)‘]
1

The value of the smoothness 1index 1s calculated 1n step
195. The smoothness index, 1n the illustrative embodiment
1s equal to the second statistical characteristic (1,) divided by
the first statistical characteristic (1,), or equivalently:

(3)

N 2
[Z ‘(gmd.ienr f)‘]
1

N
> (gradienr i)
1

The raw smoothness index value for each pixel line
segment 1s averaged with 1ts neighbors to generate an
average smoothness index for the pixel line segment. The
raw smoothness index of the pixel line segment often
accurately classifies the pixel line segment as graphics or
text, but sometimes the raw smoothness mndex 1s misleading.
Averaging the raw smoothness 1ndex value for a pixel line
segment among 1ts neighboring segments can yield a more
accurate classification. For example, the smoothness index 1s
high when all the gradients are approximately equal (e.g., 32
gradients of the same value results 1n a smoothness index of
32). Examples include photographic images in which all the
gradient values are usually small and halftones 1mages 1n
which all the gradient values are usually large. Text pixel
segments can also yield gradients of approximately equal
values 1 the entire pixel line segment 1s contained in the
horizontal stroke of a character or horizontal rule. In this
case, the smoothness index of the block improperly indicates
that the pixel line segment 1s an 1image. Typically, a majority
of the surrounding pixel line segments are properly classi-
fied as text, and an averaging operation generally corrects
the classification.
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The smoothness index 1s low when a few gradients are
much larger than the other gradients in the pixel line
segment. For example, 1f there are two large identical
gradients 1n the pixel line segment and the remaining
gradients are zero, the smoothness index 1s 2. This situation
arises, for example, 11 the pixel line segment crosses the stem
of a character. A large gradient results for each transition
from black to white, or white to black, at the edges of the
stem. This phenomenon also exists at a sharp light to dark
edge 1n a photo or halftone image. In these situations, the
smoothness index improperly classifies the pixel line seg-
ment as text. Typically, a majority of the surrounding pixel
line segments will be properly classified as images and,
therefore, an averaging operation corrects the improper
classification.

FIG. 6 depicts in more detail the step of calculating of the
average smoothness index 148 of FIG. 3. The process
assumes that raw smoothness index values have been gen-
erated for each pixel line segment of the document. Gener-
ally, a weighted running average in both the horizontal and
vertical page directions 1s used to generate the average
smoothness index for each of the pixel line segments. The
process 1terates through each pixel line segment in the
horizontal direction and vertical direction. In other words,
the average runs across the page and then down the page.

In step 600, the horizontal average 1s nitialized by
welghting (e.g., doubling) the raw smoothness index value
of the left most pixel line segment on the page in the first row
of pixel line segments. In step 610, the horizontal average
for the first pixel line segment 1s updated by halving the
current average value and adding it to the raw smoothness
index of the pixel line segment to the right. In step 620, the
average vertical smoothness index 1s update by weighting
(e.g., multiplying by seven-eighths) the current average
vertical smoothness index and adding 1t the current value of
the average horizontal smoothness imndex. In step 630, the
average smoothness index for the pixel line segment 1s set.

In step 640 a page width location determination 1s made
by comparing a first counter COUNTER_1 with a page
width threshold WIDTH. The first counter represents the
horizontal position of the pixel line segment. If the first
counter COUNTER_1 1s less than the page width threshold
WIDTH, the process returns to step 610 because the process
has not reached the right edge of the page. If the first counter
COUNTER_1 1s greater than or equal to the page width
threshold WIDTH, the process continues to step 650.

In step 650 a page length location determination 1s made
by comparing a second counter COUNTER_2 with a page
length threshold LENGTH. The second counter represents
the vertical position of the pixel line segment. If the second
counter COUNTER_2 1s less than the page length threshold
LENGTH, the process returns to step 600 because the
process has not reached the bottom row of the page. If the
second counter COUNTER_2 1s greater than or equal to the
page length threshold LENGTH, the averaging process ends

and the processing of calculated values (step 170 of FIG. 3)
begins.

In an exemplary embodiment, the following C code 1s
used to generate the average smoothness index values for the
pixel line segments:
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int raw__smooth[height][width]; /*raw smoothness values®/

int avg__smooth[height][width]; /*averaged smoothness values™/
int vert_ avg  smooth[width]; /*vertical averaged smoothness™/
int v,x; /Frow number and column number®/

int hav; /*horizontal average®/

memset(vert__avg smooth,0,width); /*clear vertical averages™/

for(y=0;y<height;++y) /*loop over rows/

i
hav = raw__smooth[y][0]*2; /*1nit horizontal average™/
for(x=0;x<width;++x)
{
hav = hav/2 + raw_ smooth[y][x+1]; /*update horizontal avg™/
vert__avg smooth[x]| = vert__avg_smooth[x]*7/8 + hav; /*update vertical avg™/
1i(y>=8)
avg__smooth[y-&8]|[x] = vert__avg smooth[x]; /*set averaged smoothness™/
h
h

Many 1mages have regions with low smoothness values
that can be misclassified as text, for example, in dark or high
contrast regions. This problem can be dramatically reduced
by using a smoothness threshold SMOOTH_THRESH that
can be set to a hugh value to properly classity image data that
may be misclassified as text and, conversely, a low value to
properly classify text data that may be improperly classified
as 1mage data. This prevents the classification from flipping
back and forth between 1image and text 1n borderline regions
(1.e., regions 1n which the smoothness imndex values are
nearly equal and are above and below a threshold value). For

example, assume a single threshold of 6 and sample values
of: 3457897575985 3 3. The resulting classifications

astext (I ormage () are T TTIIIITITIITTT,
respectively. The smoothness index values of 757 5 9
represent a borderline region in which the classification
switches between 1mage and text. By employing a dual
threshold scheme of requiring a smoothness index of 6 or
greater to transition from text to image and a smoothness
index of 4 or less to transition back to text, the classifications
in the above caseare TT TIITIIIIIIIITT and the
unwanted switching between 1mage and text 1s avoided. The
two smoothness thresholds are applied on a per column
basis. There 1s a threshold for each column of 32x1 pixel
segments. The smoothness threshold SMOOTH_THRESH
of the column of pixel line segments 1s 1mitialized to the high
value. If an 1image segment 1s found the smoothness thresh-
old SMOOTH THRESH for that column 1s set to the low
threshold value. If text 1s again found 1n that column the
smoothness threshold SMOOTH THRESH of the column

of pixel line segments 1s reset to the high value.

If the document 10 contains large text characters, for
example, the text 1n a headline, some of the 32x1 pixel line
segments are entirely inside the stem of a character. These
segments have a smoothness imndex that causes them to be
incorrectly classified as images. To avoid this problem, these
segments are classified as text if the maximum luminance
value L of the pixel line segment does not exceed a lumi-
nance threshold MAX_TLUM_IN_CAP and the current pixel

line segment 1s bounded by other text segments.

The edges of dark images can have the smoothness
characteristics of text, because there 1s a single dark to light
transition as with text, thereby leading to an incorrect text
classification. This problem can be substantially prevented
by applying the two thresholds described above in the
horizontal direction in addition to the vertical direction.
Being careful not to undo the fix for large text characters, a
width test can be used to produce the desired result, because
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image arcas are generally larger than most large text areas.
If a group of adjacent of 1mage segments 1s wider than a
width threshold LONG_IMAGE_RUN the bounding pixel
line segments that were classified as text are examined to see
if they can be reclassified as 1mage segments as described 1n
more detail below.

FIGS. 7TA—7D depict in more detail the process calculated
values step 170 of FIG. 3. The processing described below
1s performed for each pixel line segment 1n a logical order,
such as from the top leit corner of a page to the bottom right
corner of the page. Certain processing steps require previ-
ously processed pixel line segments to be reprocessed and
such steps are described below. In step 700, the maximum
non-neutral color of the pixel line segment 1s compared
against a color threshold COLOR_THRESH. If the maxi-
mum non-neutral color 1s greater than or equal to the color
threshold COLOR_THRESH, the current pixel line segment
1s classified as an 1mage segment 1n step 710. Additionally
in step 710, the smoothness threshold SMOOTH_THRESH
for the column of pixel line segments 1s set to the low value,
an 1mage counter IMAGE_RUN_COUNT 1s incremented,
and a capital text counter IN_CAPS 1s set to zero. The image
run counter IMAGE RUN COUNT tracks the number of
consecutive pixel line segments that are classified as images.
The capital text counter IN_CAPS tracks the number of
pixel line segments that could be 1n an area of large text,
such as headlines. In step 720, 1f the image counter IMAG-

E_RUN_COUNT 1s equal to the long image run threshold
IMAGE_RUN_THRESH, a number of previous pixel line
segments are checked to see 1f they were improperly clas-
sified as text. If the image counter IMAGE_RUN_COUNT
does not equal the long image threshold IMAG-
E_RUN_THRESH, the process proceeds to step 1000 and
the next pixel line segment begins post processing at step

700.

A processing loop 1s established to check the classification
of a limited number of previous pixel line segments 1n steps
740-760. In step 730, a counter N 1s set equal to the current
pixel line segment number less the long 1mage run threshold
IMAGE_RUN_THRESH. The counter N 1s compared to
zero 1n step 740. If the counter N 1s less than zero, the
method proceeds to step 1000 and the next pixel line
segment 15 processed beginning at step 700. If the counter N
1s greater than or equal to zero, the process continues to step
750 1in which the average smoothness index of the current
pixel line segment 1s compared to the low smoothness
threshold value. If the average smoothness index 1s greater
than or equal to the low smoothness threshold value, the
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process continues to step 760. If average smoothness index
of pixel line segment N 1s less than the low smoothness
threshold value, the process continues to step 1000 and the
next pixel line segment 1s processed beginning with step
700. In step 760, the current pixel line segment 1s classified
as an 1mage segment, the counter N 1s decremented, the
smoothness threshold of the column of the pixel line seg-
ments 1s set to the low value, and the process returns to step
740. In other words, the loop (defined by steps 740-760)
checks previous pixel line segments to the left of the current
pixel line segment to see 1f they are the edges of a dark
image and were incorrectly classified as text. If so, the
previous pixel line segments are re-classified as images.

If the maximum non-neutral color 1s less than the color
threshold COLOR_THRESH, the process proceeds to step
770 and the average smoothness index of the current pixel
line segment 1s compared to the smoothness threshold
SMOOTH_THRESH of the current pixel line segment. The
smoothness threshold of the column of the current pixel line
segment 1s either be the low value or the high value as
previously described. 11 the average smoothness index of the
current pixel line segment 1s greater than or equal to the
smoothness threshold SMOOTH THRESH, the maximum
luminance value of the pixel line segment 1s compared
agamnst the Iluminance threshold wvalue MAX_LU-
M_IN_CAPS to determine 1f the pixel line segment could be
in a region ol large capital letters in step 780. If the
maximum luminance value of the pixel line segment 1s less
than or equal to the in-caps threshold MAX_ T[LU-
M_IN_CAPS, the process proceeds to step 790. If the
maximum luminance value of the pixel line segment 1s
greater the luminance threshold MAX_LUM_IN_CAPS, the
process proceeds to step 830 to set the capital text counter
IN_CAPS to zero. The process continues to step 840, which
1s described below.

In step 790 11 the capital text counter IN_CAPS 1s not
equal to zero the capital text counter IN_CAPS 1s incre-
mented 1n step 810 and the process continues to step 840
described below. If the capital text counter IN_CAPS 1s
equal to zero, the process proceeds to step 800.

In step 800, 1f the current pixel line segment 1s not the first
pixel line segment and the previous pixel line segment was
classified as text and the minimum luminance value of the
previous pixel line segment 1s less than or equal to the
luminance threshold MAX _LUM_IN_CAPS, the process
continues to step 820 to set the capital text counter
IN_CAPS equal to one, otherwise the process proceeds to
step 840. The current pixel line segment 1s classified as an
image, the smoothness threshold SMOOTH_THRESH of
the column of the current pixel segment 1s set to the low
value, and the image run counter IMAGE_RUN_COUNT 1s
incremented in step 840. In step 850, the image counter
IMAGE_RUN_COUNT 1s compared to the long image run
threshold IMAGE_RUN_THRESH. If the image counter
IMAGE_RUN_COUNT 1s equal to the long image run
threshold IMAGE_RUN_THRESH, a number of previous
pixel line segments are checked to see 11 they were improp-
erly classified as text. If the image counter IMAGE_RUN:-
_COUNT does not equal the long image run threshold
IMAGE_RUN_THRESH, the process proceeds to step 1000
and the next pixel line segment 1s processed at step 700.

In steps 870890, a processing loop similar to the one
depicted 1n steps 740760 determines the classification of a
limited number of previous pixel line segments. In step 860,
a counter N 1s set equal to the current pixel line segment
number less the long i1mage run threshold IMAG-
E_RUN_THRESH. The counter N 1s compared to zero in
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step 870. If the counter N 1s less than zero, the method
proceeds to step 900 1n which the in-caps counter IN_CAPS
1s set equal to zero. Subsequently, the process proceeds to
step 1000 where next pixel line segment 1s processed
beginning at step 700. If the counter N 1s greater than or
equal to zero, the process continues to step 880, 1n which the
average smoothness index of the pixel line segment number
N 1s compared to the low smoothness threshold value. If the
average smoothness index of pixel line segment N 1s greater
than or equal to the low smoothness threshold value, the
process continues to step 890. If average smoothness index
of pixel line segment N 1s less than the low smoothness
threshold value, the process continues step 900 1n which the
capital text counter IN_CAPS 1s set equal to zero. Subse-
quently, the process proceeds to step 1000 in which next
pixel line segment 1s processed beginning at step 700. In step
890, the pixel line segment corresponding to the counter
value N 1s classified as an 1mage segment, the counter N 1s
decremented, the smoothness threshold of the column of the
pixel line segment 1s set to the low value, and the process
returns to step 870. In other words, the loop checks previous
pixel line segments to the left of the current pixel line
segment to see 1f they were incorrectly classified as text. It
s0, those pixel line segment are re-classified as image pixel
line segments.

If the average smoothness 1index of the current pixel line
segment 1s not greater than or equal to the smoothness

threshold SMOOTH_THRESH, the process proceeds to step
910. A comparison of the long 1image run counter IMAG-
E_RUN_COUNT and the average smoothness index 1is
performed in step 910. If the long image run counter
IMAGE_RUN_COUNT 1s greater than or equal to the long
image run threshold IMAGE_RUN_THRESH and the aver-
age smoothness index of the current segment 1s greater than
or equal to the low smoothness threshold, the process
continues to step 920. The current pixel line segment 1is
classified as an 1mage, and the smoothness threshold of the
column of the pixel line segment 1s set to the low value 1n
step 920. If erther condition 1s not true, the process continues
to step 930 1n which a determination 1s made as to whether
the capital text counter IN_CAPS 1s not equal to zero and the
minimum luminance value of the pixel line segment 1s less
than or equal to the luminance threshold MAX_ T[U-
M_IN_CAPS.

In step 930, 1f the capital text counter IN_CAPS 1s not
equal to zero and the mimmum luminance value of the pixel
line segment 1s less than or equal to the luminance threshold
MAX_ LUM_IN_CAPS, the process continues to step 940.
If the capital text counter IN_CAPS 1s equal to zero or the

minimum luminance value of the pixel line segment 1s
greater than the luminance threshold MAX_ LU-

M_IN_CAPS, the process proceeds to step 970 described
below.

In step 940, counter M 1s set to a value equal to the current
pixel line segment number less the capital text counter
IN_CAPS value. The process iterates through steps 950 and
960. The pixel line segment equal to the counter value M 1s
classified as text and sets a left edge of the capital letter, the
smoothness threshold of the column of the pixel line seg-
ment corresponding to counter value M 1s set to the high
value, the counter M 1s incremented and the capital text
counter value 1s decreased, in step 950. Subsequently, the
capital text counter IN_CAPS 1s compared to zero, 1n step
960. I the capital text counter IN_CAPS 1s greater than zero,
the process returns back to step 930. In other words, the
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processing loop extends capital text to the left and re-
classifies those pixel line segments which were mistakenly
classified as 1mages, as text.

If the capital text counter 1s less than or equal to zero then
the method proceeds to step 970. The pixel line segment 1s

classified as text, the smoothness threshold of the column of

the pixel line segment 1s set to high, and the image run
counter IMAGE_RUN_COUNT 1s reset to zero, 1n step 970.
Subsequently, the process continues to step 1000 and the
next pixel line segment 1s processed beginning at step 700.
Having shown the preferred embodiments, one skilled in
the art will realize that many variations are possible within
the scope and spirit of the claimed mvention. It 1s therefore
the intention to limit the invention only by the scope of the
claims.
What 1s claimed 1s:
1. A method for discriminating between textual content
and graphical content 1n an 1mage comprising;
receiving a plurality of pixel values for a pixel line
segment;
calculating a plurality of spatial gradients based on pixel
values of adjacent pixels;
calculating a first statistical characteristic of the plurality
of spatial gradients by squaring each of the spatial
gradients to generate a plurality of squared gradients
and summing the squared gradients;
calculating a second statistical characteristic of the plu-
rality of spatial gradients;
dividing the second statistical characteristic by the first
statistical characteristic to generate a smoothness
index; and
identifying the pixel line segment as one of a text segment
or a graphic segment by comparing the smoothness
index to a threshold value.
2. A method for discriminating between textual content
and graphical content 1n an 1mage comprising;
receiving a plurality of pixel values for a pixel line
segment:
calculating a plurality of spatial gradients based on pixel
values of adjacent pixels;
calculating a first statistical characteristic of the plurality
of spatial gradients;
calculating a second statistical characteristic of the plu-
rality of spatial gradients by determining an absolute
value of each of the spatial gradients, summing the
absolute gradients, and squaring the sum value;
dividing the second statistical characteristic by the first
statistical characteristic to generate a smoothness
index; and
identifying the pixel line segment as one of a text segment
or a graphic segment by comparing the smoothness
index to a threshold value.
3. A method for discriminating between textual content
and graphical content 1n an 1mage comprising:
receiving a first plurality of pixel values for a pixel line
segment and a second plurality of pixel values for the
pixel line segment;
calculating a plurality of spatial gradients for the pixel
line segment based on the first plurality of pixel values
ol adjacent pixels;
determining a smoothness index in response to the plu-
rality of spatial gradients by calculating a first statistical
characteristic of the plurality of spatial gradients by
squaring each of the spatial gradients to generate a
plurality of squared gradients; and summing the
squared gradients; calculating a second statistical char-
acteristic of the plurality of spatial gradients, and
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dividing the second statistical characteristic by the first
statistical characteristic to generate the smoothness
index,

calculating a value by combining the second plurality of
pixel values; and

identitying the pixel line segment as one of a text segment
or a graphic segment by comparing the smoothness
index to a first threshold value and the calculated value

of the second plurality of the pixel values to a second
threshold value.

4. A method for discriminating between textual content
and graphical content 1n an 1mage comprising;

recerving a first plurality of pixel values for a pixel line
segment and a second plurality of pixel values for the
pixel line segment;

calculating a plurality of spatial gradients for the pixel
line segment based on the first plurality of pixel values
ol adjacent pixels;

determining a smoothness index in response to the plu-
rality of spatial gradients by calculating a first statistical
characteristic of the plurality of spatial gradients and
calculating a second statistical characteristic of the
plurality of spatial gradients by determining an absolute
value of each of the spatial gradients, summing the
absolute gradients; and squaring the sum value, and
dividing the second statistical characteristic by the first
statistical characteristic;

calculating a value by combining the second plurality of
pixel values; and

identitying the pixel line segment as one of a text segment
or a graphic segment by comparing the smoothness
index to a first threshold value and the calculated value
of the second plurality of the pixel values to a second

threshold value.

5. An apparatus for discriminating between textual con-
tent and graphical content 1n an 1mage comprising;:

a converter for recerving a plurality of pixel values for a
pixel line segment;

a separator module for:

calculating a plurality of spatial gradients based on pixel
values of adjacent pixels;

calculating a smoothness index based on one or more
statistical characteristics in response to the plurality of
spatial gradients by calculating a first statistical char-
acteristic of the plurality of spatial gradients by squar-
ing each of the spatial gradients and summing the
squared gradients, calculating a second statistical char-
acteristic of the plurality of spatial gradients, and
dividing the second statistical characteristic by the first
statistical characteristic; and

identifying the pixel line segment as one of a text segment

or a graphic segment by comparing the smoothness
index to a threshold value.

6. An apparatus for discriminating between textual con-
tent and graphical content 1n an 1mage comprising;:

a converter for recerving a plurality of pixel values for a
pixel line segment; a separator module for:

calculating a plurality of spatial gradients based on pixel
values of adjacent pixels;

calculating a smoothness index based on one or more
statistical characteristics 1n response to the plurality of
spatial gradients by calculating a first statistical char-
acteristic of the plurality of spatial gradients, calculat-
ing a second statistical characteristic of the plurality of
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spatial gradients by determining an absolute value of identifying the pixel line segment as one of a text segment
cach of the spatial gradients, summing the absolute or a graphic segment by comparing the smoothness
gradients and squaring the sum value, and dividing the index to a threshold value.

second statistical characteristic by the first statistical
characteristic; and £ % % % %
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